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Glomerular permeability: In vivo tracer studies with polyanionic
and polycationic ferritins. The influence of molecular charge on
glomerular permeability to the globular ferritin molecule in viva
was investigated. Mice (Charles River CD strain) and rats (Mu-
nich-Wistar strain) were injected intravenously either with native
anionic ferritin or various cationized derivatives with different
isoelectric points (p1) and the kidneys were examined by electron
microscopy. Native anionic ferritin was almost completely re-
stricted from entry into the glomerular filter at the level of the
endothelium and subendothelial layer of the glomerular basement
membrane (GBM). Cationized derivatives penetrated the filter in
increasing amounts depending on the p1 of the tracer. Regardless
of charge, all molecules that filtered through the lamina densa of
the GBM and reached the subepithelial layer were completely
restricted from entry into the urinary space at the level of filtration
slits and appeared in phagosomes present in podocytes. Reduction
of arterial pressure or cessation of renal blood flow did not in-
fluence the movement of ferritin molecules into the GBM. The
results are consonant with physiological studies indicating charge
dependent restriction of polyanion transport by the mammalian
glomerulus. These tracer studies, in conjunction with cytochemical
and biochemical evidence for the presence of polyanionic glyco-
proteins in the glomerular filter, suggest that glomerular restriction
of plasma proteins occurs in part by a process similar to that which
excludes negatively charged macromolecules in polyanionic gel
systems.
Perméabilité glomerulaire: Etudes in rico a I 'aide de ferritines
polyanioniques et polycationiques comme traceur. L'influence de Ia
charge moléculaire sur Ia perméabilité glomérulaire a Ia molecule
de ferritine a été étudiée in rico. Des souris et des rats Munich-
Wistar ont recu, par voie intraveineuse, soit de la ferritine ani-
onique naturelle soit divers dérivés cationiques ayant divers points
isoélectriques (p1). Les reins ont été examines en microscopie
électronique. L'entrée de Ia ferritine naturelle anionique dans le
filtre glonierulaire est bloquée au niveau de l'endothClium et de Ia
couche sous—endothéliale de Ia membrane basale do glomerule
(GBM). Les dérivés cationiques pénètrent le filtre en quantité
croissante en fonction du p1 du traceur. Indépendamment de Ia
charge, toutes les molecules qui filtrent a travers Ia lamina densa du
GBM et atteignent Ia couche sous-épithéliale sont bloquees au
niveau des fentes de filtration, ne passent pas dans l'espace urinaire
et apparaissent dans des phagosomes presents dans les podocytes.
La diminution de Ia pression artérielle ou l'interruption du debit
sanguin renal n'influencent pas le mouvement des molecules de
ferritine dans Ic GBM. Ces résultats sont en accord avec les tray-
aux physiologiques qui indiquent une restriction du transport des
polyanions, par Ic glomérule de mammifère, dépendante de Ia
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charge. Ces etudes de traceurs ainsi que les preuves cytochimiques
et biochimiques de Ia presence de glycoproteines polyanioniques
dans Ic filtre glomérulaire, suggèrent que Ia restriction du passage
glomCrulaire des protéines plasmatiques est en partie réalisée par
un processus similaire a celui qui exclue les macromolecules char-
gées négativement dans les systèmes de gels polyanioniques.
Fixed polyanions are present in various elements of
the glomerular filter [1—151, including the glomeru-
lar basement membrane (GBM) [4—151, in the form
of acidic glycoproteins [11—15]. They may play a
role in glomerular barrier function through elec-
trophysical interaction with macromolecules [1, 3].
This concept has been suggested by the disparity
between fractional renal clearances of albumin and
similarly sized neutral dextran, although the facil-
itated clearance of the latter may also be attributed to
molecular deformability [16]. It was recently shown
by Chang et a! that fractional clearances of sulfated
dextrans are less than those of neutral dextrans with
equal effective molecular radii [17]. Similar restric-
tion of polyanion transport occurs in perfused rabbit
ear capillaries [18].
We recently investigated the localization of differ-
ently charged ferritin molecules in mouse glomeruli
in a protein—free perfusion system [9]. The results
showed that: 1) primary restriction to anionic ferritin
(p1 = 4.1 to 4.7) occurs at the level of the endothe-
hum and GBM; 2) the glomerular barrier is nega-
tively charged; 3) introduction of positive charges
into the ferritin molecule results in facilitation of its
movement into and across the GBM; and 4) the
filtration slit diaphragm is an additional impediment
to molecules penetrating the GBM.
Glomerular barrier function in vivo and in the per-
fused kidney may differ. Moreover, Ryan and Kar-
novsky have recently shown that the glomerular
localization of some macromolecules may be in-
fluenced by cessation of blood flow and by fixation
conditions [19, 20]. The present study using two dif-
ferent modes of tissue fixation extends our prior ob-
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servations [9] to the in vivo state, and examines the
effect of reduction or cessation of renal blood flow on
glomerular permeability to ferritin. An hypothesis
explaining the relevance of our findings to currently
held concepts regarding the glomerular filtration bar-
rier is presented.
Methods
The tracers used were prepared and characterized
as described previously [9]. The isoelectric points and
gel filtration characteristics of ferritins used in the
present experiments are listed in Table 1. For animal
experiments, the prepared ferritins were dialyzed
against normal saline, concentrated by ultrafiltration
and obtained as solutions containing between 180
and 250 mg/mI. Ferritin concentrations were deter-
mined by spectrophotometry at 270 nm on a spectro-
photometer (Gilford Instrument Laboratories, Inc.,
Oberlin, OH) using a value of E0 = 79.9. Female
mice (Charles River CD strain, 25 to 35 gm body wt)
and male or female rats (Munich-Wistar strain, 150
to 250 gm body wt) were kept on standard laboratory
chow and water ad libitum prior to experiments.
Unanesthetized mice were injected in the tail vein
with 1.3 mg/gm of body wt of the variously charged
ferritins (four animals with native ferritin, one animal
with ferritin I and II each, and three animals with
ferritin III) and killed by decapitation after 15 mm.
In a separate group of 9 mice using native ferritin and
modified ferritin II and III in doses of 0.15 mg/gm of
body wt the animals were killed either 15 mm, 2 hr or
6 hr after injection of the tracer. Left kidneys were
rapidly excised and small, 0.5—mm thick slices fixed
by immersion for 3 hr in 2% formaldehyde, 2.5%
glutaraldehyde in 0.1 M Na cacodylate buffer, pH 7.4,
1060 mOsm/kg at room temperature [21].
The Munich-Wistar rats were anesthetized with
sodium pentobarbital (30 to 40 mg/kg, i.p.) and left
Table 1. Isoelectric points (p1) and gel flitrationa properties of
ferritins used for in vivo experiments
Native
Ferritin
Ferritin
I
Ferritin
11
Ferritin
111
p1 4.1—4.7 4.55—6.7 4.8—7.2 6.3—8.4
Ve0 (ml) 33.15 33.55 34.42 33.96
Kay0 0.4545 0.4655 0.4895 0.4768
ae 61A 60A 58A 59A
50 >< 1.12 cm column, Ultrogel® AcA22 (LKB Produkter);
total bed volume, V = 52.92 ml; void volume, V0 = 16.68 ml;
eluant = 0.15 MNaCI in 0.02 M phosphate buffer, pH 7.4, con-
taining I mg/mi of bovine serum albumin.
V,. = Elution volume.
Kay = corresponds to the fractional volume available
to the solute.
Effective molecular radius, as measured by gel chromatography.
kidneys were decapsulated gently after laparatomy
on a heated table. The abdomen was closed and after
a ten-minute interval, ferritin was slowly injected
over a three-minute period in the saphenous vein.
The four tracers listed in Table 1 were used in these
experiments in doses of 1 mg/gm of body wt (two
animals in each group) and 0.25 mg/gm of body wt
(two animals in each group). Aterial blood pressure
was monitored in these animals with a femoral artery
catheter connected to a pressure transducer (Model P
23DC, Statham Medical Instruments, Inc., Hato
Rey, Puerto Rico) and recorded on a polygraph
(Model 79 EEG, Grass Instrument Co., Quincy,
MA). Fifteen minutes after injection of the tracer, the
left kidney was again exposed and the anterior sur-
face drip—fixed for ten minutes with formaldehyde-
glutaraldehyde fixative. Slices of cortex, including
the anterior surface, were further immersed in fix-
ative for at least three hours. In one separate experi-
ment, native ferritin was injected in a dose of 0.25
mg/gm of body wt as before, and the left renal artery
ligated after 15 mm. Following five minutes of com-
plete ischemia, the left kidney was fixed as previously
described. In three rats, the aorta was constricted
above the renal arteries with silk ligature, so as to
maintain a femoral artery pressure of 30 to 40 mm
Hg. Fifteen minutes after initiation of aortic con-
striction, native ferritin (0.25 mg/gm of body wt in
two animals; 1 mg/gm of body wt in one animal) was
injected intravenously as before. Fifteen minutes
later, left kidneys were fixed by surface dripping of
formaldehyde-glutaraldehyde fixative as outlined
previously.
Aldehyde fixed kidneys were post-fixed in 2% aque-
ous 0504 or 1% aqueous 0s04 with 15 mg/ml of
potassium ferrocyanide [22] for 90 mm. Tissue fixed
in aqueous osmium only was stained en bloc with
0.5% uranyl acetate in 0.05 M Na H maleate buffer
(pH, 5.4) for two hours. After rapid dehydration,
tissue was infiltrated with and embedded in Epon
812. One-micron thick sections were stained with 1%
toluidine blue in 1% aqueous borax. Random glome-
ruli from mouse kidneys as well as fixed superficial
glomeruli with open capillaries from Munich-Wistar
rat kidneys were thin sectioned with diamond knives,
stained with alkaline bismuth stain for ferritin [23],
with or without uranyl acetate counterstain, and ex-
amined in an electron microscope (Philips 201).
Results
As shown by gel filtration, electron microscopy
after negative staining [9], and the appearance of
tracer particles in tissue sections, all the ferritins used
in the present experiments remained monomeric.
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Moreover, significant alterations in molecular size
did not take place as a result of introduction of
positively charged groups into the ferritin molecule
[9] (Table I).
The ultrastructure of the glomerular filter in mice
and Munich-Wistar rats conformed to that of similar
species, described previously [24, 251.
Glomerular localization offerritins. The patterns of
intraglomerular distribution of ferritin molecules in
mouse kidneys fixed by immersion did not differ from
those observed in Munich-Wistar rat kidneys ob-
tained after surface dripping of fixative. The results
obtained with high and low doses of tracer were
qualitatively similar.
Electron dense ferritin particles appeared in gb-
merular capillary lumina in monomeric form, in con-
centrations proportional to the dose of tracer admin-
istered intravenously, and penetrated the glomerular
filter to variable degrees depending on the p1 of pro-
tein used (Figs. 1—4).
Native anionic ferritin (p1, 4.1 to 4.7) localized in
the lamina rara interna (subendothelial layer) of the
GBM in sparse amounts only, with very few mole-
cules penetrating the lamina densa, and even fewer
into the lamina rara externa (subepithelial layer)
(Figs. la, 2a, 3a). The concentration of tracer within
the lamina rara interna never exceeded that observed
in the luminal plasma and was often lower (Figs. la,
2a, 3a).
Modified cationized ferritins I and II (p1, 4.6 to 6.7
and 4.8 to 7.2, but still anionic at plasma pH 7.45)
appeared in the lamina rara interna in amounts
greater than with native ferritin, and penetrated the
lam ma densa and lamina rara externa in larger num-
bers (Figs. ib, ic, 2b).
Modified ferritin III (the most heavily cationized
ferritin used in these experiments, p1 = 6.3 to 8.4)
accumulated in large amounts in the lamina rara
interna, its concentration in this location exceeding
that in luminal plasma. In addition, tracer penetrated
the lamina densa and lamina rara externa in num-
bers far exceeding those seen with native ferritin, and
even with modified ferritins I and II (Figs. id, 2c).
The difference in the behavior of native anionic
ferritin and modified ferritin III is particularly well
shown in Figure 3, illustrating results obtained in
Munich-Wistar rats. With native ferritin, only an
occasional tracer molecule is observed beyond the
endothelium (Fig. 3a). With ferritin III (Fig. 3b),
there is a measurable increase in the number of par-
ticles localizing in all layers of the GBM.
Time course studies performed in mice (tissues
being obtained 15 mm, 2 hr, and 6 hr after injection)
showed that with progress of time the number of
modified ferritin particles present in the GBM de-
creased. Increasing numbers of tracer molecules ac-
cumulated in the loose spongy areas of the mesangial
matrix; this is qualitatively similar to the localization
of anionic ferritin at time periods long after injection
[26]. Modified ferritin molecules also appeared in
glomerular epithelial cell phagosomes and pinocy-
totic vesicles within 15 mm of injection in amounts
far exceeding those seen following injection of native
ferritin (Fig. 4). Neither native nor modified ferritin
molecules were visualized in the urinary spaces or in
tubular lumina. In contrast to our prior studies in the
isolated mouse kidney [9], accumulation or "pool-
ing" of tracer behind the filtration slit diaphragms
was not observed.
Physiologic effects of tracer injection. No external
untoward effects were observed in unanesthetized
mice after injection of both high and low doses of
native and modified ferritins I, II, and III during the
total duration of the experiment (up to six hours).
Anesthetized rats injected with native and modified
ferritins I and II in both high and low doses (1
mg/gm and 0.25 mg/gm of body wt) and with low
doses (0.25 mg/gm of body wt) of modified ferritin
III remained normotensive throughout the period of
the experiment up to the moment of tissue fixation.
High doses (1 mg/gm of body wt) of ferritin III,
however, caused hypotension (to 50 mm Hg), the
hypotensive period commencing after injection of 0.4
mg/gm of body wt.
Influence of aortic constriction and renal artery liga-
tion. In order to exclude the possibility that the hypo-
tension seen with high doses of ferritin III may have
affected the glomerular distribution of tracer, regard-
less of charge effects, the localization of ferritin mole-
cules after deliberate interference with renal blood
flow was examined. Aortic constriction sufficient to
reduce femoral artery pressure to 40 mm Hg, or renal
artery ligation, had no effect on the distribution of
native, anionic ferritin within the glomerular filter
(Fig. 5), regardless of the dose administered. Thus,
relatively few particles of ferritin penetrated the
GBM, the concentration of tracer in all its three
layers being similar to that seen in rats without inter-
ference to blood flow.
Discussion
The results show that the movement of ferritin
from capillary lumina into and across the gbomerular
filter in vivo is influenced by its electrical charge. The
bulk of anionic ferritin molecules were either re-
stricted from the glomerular filter or cleared from its
substance soon after entry by reflection back into the
capillary lumen, since they did not appear in the
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Fig. 1. Mouse glomeruli showing the distribution of variously charged ferritins 15 mm after injection of 1.3mg of tracer per gram of body weig
Tissues were fixed by immersion, stained en bloc with uranyl acetate, and thin sections stained with alkaline bismuth. X 83,000. a) Nat
ferritin (p1,4. Ito 4.7) is seen in the GBM in sparse amounts, mostly in the subendothelial layer. Occasional particles are present in the lami
densa. The subepithelial layer is practically devoid of ferritin. Concentration of tracer in the subendothelial layer of the GBM does not exc
that seen in capillary lumen. b) Modified ferritin I (p1, 4.55 to 6.7) localizes in the subendothelial layer and lamina densa of the GBM in
same manner as native ferritin, but in amounts slightly greater than Figure la. c) Modified ferritin 11 (p1,4.8 to 7.2) is seen in the GBM
amounts exceeding those seen with either native ferritin or ferritin 1. Numerous particles are evident in the subepithelial layer. d) With modifi
ferritin III (p1,6.3 to 8.4), the number of tracer particles localizing in the GBM is greater than with native ferritin and ferritins I and II, m
particles being found in the subendothelial and subepithelial layers. There is accumulation of tracer particles proximal to the lamina den
in the subendothelial layer (compare to Fig. Ia) Ferritin molecules are localizing in the subepithelial layer of the GBM about the proxin
aspects of filtration slits, but are not present in the urinary space beyond the level of filtration slit diaphragms.
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Fig. 2. Munich- Wistar rat glameruli 15 mm after injection of I tngferritin per gram of body weight. Fixation was by surface dripping; en bloc
fixation-staining was with reduced osmium. Thin sections were stained with alkaline bismuth. a) The distribution of native ferritin (p1.4.1 to
4.7) within the filter is similar to that seen in mouse glomeruli. One particle is seen in the subepithelial layer of the GBM near a filtration slit.
h, c) With modified ferritin II (pt, 4.8 to 7.2, Fig. 2b) and ferritin ttt (p1,6.3 to 8.4, Fig. 2c) a progressively increased penetration of all layers
of the GBM by tracer is evident. Tracer particles do not enter the urinary space. X 120,000.
-.
- - it - -
I_i
-
•
?
,
—I
"•.-
•
_J
... a.;
J' •S S.
-
-V.
--V
p 4
,. :j—
- .,
. S
: :' ..
3b • 5 0
Glomerular permeability 49
urinary space, or accumulate upstream of the GBM
or filtration slits. The few anionic ferritin molecules
that penetrated deep into the filter were hindered
from entry into the urinary space at the level of the
filtration slits and incorporated into glomerular epi-
thelial cells by pinocytosis. These observations are
consistent with the results of Farquhar, Wissig, and
Palade [26]. Cationized ferritins, however, gained rel-
atively easy access into the filter and penetrated into
all layers of the GBM. In addition, glomerular epi-
thelial uptake of ferritin particles was greater at the
same time period after injection of cationized tracer
compared to that seen after administration of the
native anionic protein.
In view of the results with ferritin, both in vivo and
in vitro [9], and the disparity between the clearances
of negatively charged and neutral dextrans [17], fixed
glomerular polyanions assume a role of importance
in glonierular permeability. Polyanions occur in the
glomerular epithelial cell coat [1—8, 10], endothelial
cell membranes [2—9] and the GBM [4—15]. In the
GBM, the lamina rara interna and lamina rara ex-
Fig. 3. Munich- Wistar rat glomeruli 15 mm after injection of 0.25 mgferritin per gram of body weight. Tissue processing was as before, a) Few
particles of native ferritin (p1,4.1 to 4.7) localize in the GBM. b) The number of ferritin Ill particles (p1,6.3 to 8.4) in the lamina rara interna
greatly exceeds that seen with native ferritin, and appear to accumulate in this layer. In addition, this tracer penetrates the lamina densa, does
not accumulate in this structure, but appears in the subepithelial layer of the GBM also in amounts far exceeding those seen with native
ferritin. X 120,000.
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Fig. 4. Munich- Wistar rat glomerulus 15 mm after injection of 0.25 mg of modified jerritin III per gram of body weight. Tracer particles are seen
to penetrate throughout the GBM. There is uptake of ferritin into epithelial pinocytotic vesicles (arrows). The number of ferritin particles in
such vesicles and the number of tracer containing vesicles were more numerous after the injection of modified ferritins than native ferritin. X
80,000.
terna, but not the lamina densa, stain with poly- tein as well as glycopeptides with sialic acid residues
cationic reagents [4—li]. Pure GBM (composed [11—15].
principally of lamina densa with variable amounts of Glomerular permselectivity has been explained in
the laminae rarae) contains a collagen-like glycopro- terms of pore theory, whereby the filter is function-
Fig. 5. Munich- Wistar rat glomerulus 15 mm after injection of I mg of native ferritin per gram of body weight, following aortic constriction to
reduce femoral artery blood pressure to 40mm Hg. The distribution of ferritin particles within the GBM is not significantly different from that
seen after injection of native ferritin without aortic constriction (compare with Fig. 2a). Similar images were obtained after renal artery liga-
tion also. X 80,000.
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ally isoporous, with "pores" approximately the size
of serum albumin (ae = 35 A) [16]. The glomerular
epithelial slit diaphragm has been found to be struc-
turally isoporous with repeating rectangular spaces of
40 >< 140 A, about the size of albumin [25], making it
a likely candidate for a filter with a size limiting
nature. The anatomical location of the diaphragm,
placed distally in the glomerular filter has, however,
posed difficulties in accepting it as the only or defini-
tive barrier to macromolecular filtration [27], since
retained solutes may be expected to accumulate as
unstirred layers in the slit pore region of the GBM
and progressively impair filtration efficiency [28].
Thus, in a working mammalian glomerular filter,
where convective as well as diffusive forces determine
solute movement, one would have to postulate either
that: 1) the bulk of the solute molecules (with effec-
tive filtration radii approaching or exceeding that of
albumin) would have to be rejected from the filter at
its most upstream surface [28]; and/or 2) that ade-
quate clearing mechanisms exist within the substance
of the filter to prevent clogging at the filtration slits.
Conceivably, both of these modes of maintaining
filter efficiency may be provided by fixed glomerular
polyanion. In fact, ultrastructural studies have shown
that the bulk of restriction of anionic macromole-
cules of diverse size (albumin, catalase, ferritin) oc-
curs at the level of the endothelium and GBM with
relatively small amounts entering the distal layers of
the GBM [9, 19, 20, 26, 29, 30]. On the other hand,
cationic macromolecules (myeloperoxidase, cationic
ferritin) enter the filter and accumulate at the filtra-
tion slits [9, 31]. Thus, even though endothelial fe-
nestrae are much larger than macromolecular solutes,
and the GBM has pathways large enough to accom-
modate albumin [19, 20], catalase [20, 29, 30] and
ferritin [9], actual penetration of the filter by solute is
determined not only by the dimensions of pathways,
but to a large extent by its electrophysical attributes.
The latter are represented in the total filtration route
by: I) the negatively charged cell coat of endothelial
cell membranes; 2) the acidic glycoproteins of the
GBM; and 3) the polyanionic epithelial glycocalyx.
At almost every stage of filtration, therefore, ani-
onic macromolecules may be expected to encounter
forces of repulsion from negatively charged glycopro-
teins. In this respect, an analogy may be made to the
exclusion of anionic macrosolutes byartificial or nat-
urally occurring gel systems. [32, 33]. For negatively
charged molecules, the repulsive forces act in a direc-
tion opposite to that of solvent drag and either reject
them from the glomerular filter or facilitate their
back diffusion into the blood stream. As a corollary,
attractive forces facilitate the convective movement
of cationic macromolecules toward the urinary space.
Since neither anionic nor cationic ferritin particles
were observed to gain entry into the urinary spaces in
between epithelial foot processes in the present study,
it may be inferred that some component in the filtra-
tion slits offered impediment to the further movement
of tracer molecules [7, 25]. That the elements respon-
sible may be the filtration slit diaphragms was sug-
gested by our results with perfused mouse kidneys
[9]. In these experiments, accumulation of cationized
ferritins, particularly heavily charged derivatives, was
frequently observed to occur proximal to these mem-
branes. A functional role for slit diaphragms in
macromolecular filtration is also supported by recent
observations with ferritin tracer on the frog glome-
rulus, which posseses a poorly developed GBM and
thus seems to rely for its barrier function mostly on
an isoporous filtration slit diaphragm [34]. Shift of
the primary barrier function from slit diaphragms in
amphibia [34] to the GBM in mammals may be con-
sequent to evolutionary development in glomerular
hemodynamics and filtration mechanics, effective fil-
tration pressures and filtration rates being lower in
amphibians [16].
Molecular shape and deformability, as well as he-
modynamic factors or sieving effects [35], may also
play important roles in glomerular permselectivity. A
case in point is that of neutral dextran, which shows
the effects of its shape and deformability. Molecules
of these long—chained, sugar polymers possess very
high axial ratios owing to their shape. Thus, small
molecular weight dextrans possess abnormally high
effective filtration radii and encounter steric hin-
drance at the level of the GBM [36]. This is counter-
balanced to some extent by their deformability dur-
ing passage, under pressure, through the glomerular
filter [16].
Some species of immunoglobulin G have isoelec-
tric points close to neutrality. On this basis, they may
be expected to enter the GBM; however, Ryan and
Karnovsky, using an immunoperoxidase technique,
showed that under good blood flow conditions, gb-
merular localization of endogenous IgG appears to
be similar to that of serum albumin [20], a poly-
anionic protein. The reason for this must remain
conjectural, but may conceivably relate to the dispro-
portionately large size cf IgG molecules, compared to
their molecular weight. [37].
Cessation of renal blood flow has been recently
reported to cause increased glomerular permeability
to albumin, IgG and catalase [19, 20]. Our experi-
ments show that variations in fixation techniques,
gross reduction of blood flow, and even five minutes
of total ischemia are not accompanied by detectable
alterations in the usual glomerular distribution of
ferritin particles. The reason for the difference in the
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behavior of ferritin and the other tracers remains
obscure, but may be related to molecular size (ferritin
being much larger) or to other unknown experimen-
tal variables.
Considered in the context of previous morphologic
and physiologic tracer studies, our present findings
suggest that the mechanism of glomerular restriction
of macromolecules is multifactorial. The bulk of re-
striction takes place at the level of the endothelium
and GBM. The polyanionic fibrous glycoprotein gel
of the GBM excludes macromolecules through steric
hindrance as well as charge effects; the structural
pores in this matrix are functionally narrowed for
polyanionic solute by fixed negative charges. Ex-
clusion is greater with increasing molecular size for
both charged and uncharged solutes, but for the same
molecular size, polyanions are selectively restricted to
a greater extent. Regardless of charge, the degree of
exclusion of macromolecules from the filter is further
modified by the dynamics of blood flow and filtra-
tion. Macromolecules that penetrate the filter beyond
the lamina densa of the GBM encounter either steric
hindrance at the level of the slit diaphragms and/or
electrophysical forces generated by the polyanions in
this area of the filter, Solutes retained by either of
these mechanisms are phagocytosed by epithelial
cells and incorporated into lysosomes. The result-
ant glomerular filtrate is virtually free of plasma pro-
teins as a result of the concerted action of different
elements in the glomerular filter.
It has been suggested that decrease of glomerular
polyanion may be pathogenetically related to pro-
teinuria in nephrotic states [1, 38]. Experimental neu-
tralization of glomerular polyanion with polycationic
compounds rapidly leads to glomerular epithelial
changes similar to those seen in the nephrotic syn-
drome [38]. Recent experiments have shown that
fractional clearances of anionic dextrans are in-
creased in anti-GBM nephritis, whereas those of neu-
tral dextrans are not [39]. This, and the associated
demonstration of decreased colloidal iron staining of
glomeruli in this model [39], have suggested a
cause-effect relationship between reduction of gb-
merular anionic sites and proteinuria. Thus, the pos-
sible role played by gbomerular polyanion in protein-
uric states deserves investigation.
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